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Those who have had experience in the design of bituminous 
mixtures have learned to approach a discussion of the subject with 
considerable caution. Your speaker is one who has had such 
experience and who also makes a portion of his living in trying to 
convey to others his limited knowledge of the subject. Experience 
has taught that on this subject it is quite easy to confuse, and 
difficult to enlighten.
Before we can make much progress on the subject of bitumin­
ous mixture design, it is necessary to define what we mean by 
design. We understand that bituminous mixtures are combinations 
of mineral aggregate and bituminous material, such as asphalt or 
tar. We appreciate that the aggregate can be gravel, crushed stone, 
or slag, and that it can be well-graded, one-sized, or a material of 
any intermediate grading with a maximum size which may vary 
from two inches or so down to the size of sand. The bituminous 
material, in addition to being asphalt or tar, can be one of several 
types of these materials, and one of several grades within each 
type. The bituminous mixture design problem, then, involves 
classifying this wide range of possible mixtures at least into satis­
factory and unsatisfactory groups for given conditions of service, 
and preferably further includes quality evaluation of the satisfactory 
ones.
This is the overall range of mixtures involved in the design 
problem, but fortunately experience gained over the years and prac­
tical considerations serve to limit this range. We have come to
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recognize that certain combinations of aggregate and bituminous 
material produce unsatisfactory results for all service conditions, 
and that other combinations are eliminated because they segregate 
badly, require special handling or special equipment for mixing or 
placing, or perhaps are entirely unworkable except in small batches 
or with hand methods. As a matter of fact, these considerations 
together with considerations of materials available in the area, 
type of traffic to be served, economic factors, and perhaps familiarity 
with a certain type or types of mixture, frequently serve to limit 
the design problem still further and perhaps even reduce it to one 
of the selection of proper bitumen content. Compared to the original 
scope, this may seem a simple design problem indeed, but the 
amount of bituminous material in relation to the amount of aggre­
gate is such an important factor in determining mixture performance 
that mixture design even in this limited sense presents a number of 
problems.
Bituminous mix design is a laboratory problem that involves 
testing for properties affecting all aspects of service. Broadly 
speaking bituminous paving mixtures must be both stable and 
durable, but they must also provide a smooth riding surface that 
is skid-resistant and safe, and they must not become brittle and 
crack in cold weather nor flush in hot weather. Ideally, perhaps, 
laboratory design of bituminous mixtures should include test pro­
cedures for each of these properties, but again experience has taught 
that the critical design problem is one of providing the proper 
balance between stability and durability factors. It is in this respect 
that amount of bituminous material in the mixture becomes of para­
mount importance because we recognize that the more of such 
material the mixture contains, the more resistant it will be to the 
forces of weathering. At the same time we recognize a maximum 
limit on bitumen content for satisfactory strength and, also, that 
design for maximum strength usually is achieved only with some 
sacrifice in durability. In addition, the maximum strength that is 
possible from a combination of materials may not be required from 
a service standpoint.
While durability test methods exist and are sometimes used, it 
has become rather common practice, particularly for mixtures of the 
asphaltic concrete type, to let asphalt content and per cent voids 
in the compacted mixture serve as guides to durability and to 
establish minimum and maximum values for these criteria. The 
laboratory design problem, then, is resolved primarily into one of 
selecting a means of forming a laboratory specimen and testing it
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for strength in a way that will have meaning in terms of the per­
formance of the mixture when placed in service.
METHODS OF TESTING FOR STRENGTH
This need for a realistic strength test was recognized as far 
back as 1925, when Prevost Hubbard and F. C. Field of the Asphalt 
Institute developed the famous Hubbard-Field Stability test. This 
is a punching shear type of test developed specifically for the test­
ing of sheet-asphalt mixtures. It found wide favor for the design 
of the sheet asphalt of that day and continues to be used for the 
design of such mixtures and for the evaluation of sand-asphalt 
mixtures up to and including the present. Later the original method 
was adapted to the testing of bituminous concrete. Over the years 
since the development of the Hubbard-Field Stability test, many 
test methods have been used to evaluate the characteristics of bitu­
minous mixtures including unconfined compression, squeeze, direct 
shear, moving wheel or track, flexure, impact, triaxial shear, and 
other tests. The most recent one is that adopted by the Army 
Engineers and called the Marshall Stability test.
At the present time, the procedures enjoying widest acceptance 
in this country for use in the design of bituminous-aggregate mix­
tures involve the use of the triaxial test, a test triaxial in principle 
and known as the Hveem Stabilometer test, and the Marshall test. 
Each of these has advantages and disadvantages which account for 
its position of favor or disfavor for certain uses.
The triaxial test is a rational one which provides fundamental 
information in basic terms. For this reason it finds acceptance as 
a research tool and is favored by many because it provides funda­
mental data with which to develop and extend our understanding 
of bituminous mixtures. Unfortunately, the procedure is somewhat 
cumbersome, and since at the present state of development of our 
knowledge the results, even though rational, must be applied in 
an empirical manner, many prefer to relegate the test to a research 
status.
The Hveem Stabilometer test, being triaxial in principle, has 
enjoyed considerable popularity especially with those recognizing 
the inherent qualities of a triaxial test. It is not a rational triaxial 
test, however, and does not provide the same fundamental data as 
does the triaxial test itself. It has the distinct advantage of being 
capable of testing a specimen cored from a pavement. The testing 
equipment is not too well adapted to field use.
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The Marshall method, while being strictly empirical, was 
adopted by the Army Engineers after considerable study of several 
test methods because it seemed to produce data capable of being 
correlated with service performance and because the method could 
be used in the field for plant control as well as for the design of 
mixtures. It, too, accommodates a specimen that can be cored from 
a pavement. The advantage, where such is the case, in establish­
ing correlation between field performance and laboratory results is 
obvious.
COMPARISON OF TRIAXIAL AND MARSHALL 
TEST RESULTS
Because of these advantages of the Marshall method as a 
routine design and control procedure, an attempt was made to 
evaluate the Marshall test in terms of the fundamental properties 
measured by the triaxial test. To do this a range of mixtures was 
tested by each method. Two types of aggregate were used, gravel 
and crushed limestone, at three different gradings covering a range 
from coarse to fine. Three grades of asphalt cement were used, hard 
(54 penetration), medium (185 penetration), and soft (266 penetra­
tion). In addition, asphalt content and testing speed were incorporated 
as variables.
We do not have sufficient time here to consider all of the 
technical aspects of this study, or even to consider all of the data 
developed. The results of the study have been presented elsewhere 
and are available in printed form to anyone interested. (The reader 
is referred to the paper “Comparison of Triaxial and Marshall Test 
Results.” )
CONCLUSION
In evaluating these data, one cannot escape the conclusion that 
the most important phase of the design problem is not how to 
test a laboratory specimen, but how to form a laboratory specimen 
that represents the mixture as it is used in service. This fact is at 
once obvious if it is realized that all of the data presented would 
be changed for both the Marshall and triaxial test results if the 
compactive effort were changed so that a different degree of con­
solidation were produced in the test specimen. For the purposes of 
our study, triaxial specimens were molded to Marshall density. It 
has been a common assumption that such procedure produces com­
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parable specimens. However, the evidence is mounting that com­
position and density, or more accurately the degree of compaction, 
are not the only factors operating and that even at the same density 
the strength value of a mixture is significantly influenced by the 
manner in which the compaction was obtained.
We believe that the design of bituminous mixes is a definite 
place where the laboratory has a strong role to play. However, tests 
made in the laboratory have limited meaning if they are not made 
on specimens that truly represent mixtures as they are used in 
service. In order to establish that they do represent service con­
ditions, the laboratory needs the benefit of a correlating field pro­
gram in which pavement cores are tested in direct comparison with 
laboratory formed specimens of the identical mixtures. Such a pro­
gram is strongly advocated.
In attempting to clarify bituminous mix design, it may seem to 
some that a very complex problem has been presented, then reduced 
to the comparatively simple terms of finding the proper asphalt con­
tent, and, finally, a very complex solution indicated for even this 
small part of the overall design problem. At the same time, the 
discussion has been limited to the design of high type bituminous 
mixes such as asphaltic concrete. By so doing it is not intended to 
imply that when means of determining proper asphalt content for 
bituminous concrete have been firmly established design problems 
will have been solved. It appears that this is the problem of the 
moment, and must be solved first. With that problem solved, we 
will then be in a position to widen our scope with respect to bitu­
minous concrete design. And finally, with the test methods and 
concepts available which would result from the solution of problems 
associated with the design of bituminous concrete, it should be but 
another step to evaluating the whole range of possible mixtures which 
were included when defining the design problem.
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